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 AE52 - Beam manipulation by self-wakefield

 Various structures

— dielectric loaded, corrugated, single
mode, multimode

» Study of wakefield (/THz)
e Study of self-wakefield

— Dechirper, energy modulation,
transformer ratio
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Collinear wakefield acceleration
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Wakefield structure

e AANe

Lk i i 1 i i "
-200) 0 200 400
Relative Energy (keV)

G. Andonian et.al PRL 108, 244801 (2012)

Beam mask Spectrometer image
e- spectrometer Witness beam Witness beam
_ 7 ®
Drive beam Drive beam
3
5l 5
g 0.5 -
3 0 205 |
E, MeV 205 | E
= A ~e=beam eurrent —\:vake from (:irive beam" | | i
0 0.05 0.1 0.15 0.2 gG 57 58 59
coordinate behind the bunch, cm energy, MeV
= M ----Beam profile =
ey —Wake
£ 8 ; * =05 >
; ! i f’ 1 ¢ Measured energy change §
! : @ Theoretical energy change
2 2 Eyhaner 025 £
+= * L
c @
Q u :‘[' -12]
5 0 . oz
@ e
i ()
= / o / c
o -4 * -0.25 o
2 \.// e
G 5
T3 . 05 F
©
=
-12 -0.75
0 0.05 0.1 0.15 0.2

drive - witness beam separation,cm

S. Antipov, et.al, Appl. Phys. Lett. 100, 132910 (2012)




Observation of energy modulation at ATF

[ Periodic self-deceleration! ]

simulation Measurement: spectrometer
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Sub-picosecond bunch train production at ATF

PM chicane is used to convert energy CTR interferometry shows that THz
modulation into density modulation periodicity can be tuned by energy chirp
5. -
Stage | Stagell future Stage
:'E ,n 3 _1.5%chirp
© T 0.9THz
T
= --.e‘.f-. gl 0.5% chirp
o e "8 0.83THz
®
@ m'l_i;;.- o -1.5% chirp
_g 0.68 THz
@ th?
Wi A\ | G 4 45 5 5.5
* 0.75m o S. Antipoy, et. al., Phys. Rev. Lett. 111, 134802 (2013)

We proposed a high power terahertz radiation source based on this scheme (electron beam wakefields). A third stage,
yet another dielectric tube will be installed after chicane to coherently extract THz power from the bunch train

‘feuclid

TECHLABS




High power beam-based THz source

ATF (100A, 2.4mm) 6 MW
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Lett. 108, 144801 (2012) S. Antipov, et. Al. AAC 2014
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Full — featured experiment layout

Stage Il

Chicane THz extraction

network not shown

Focusing

Stage lll

Energy Radiator

modulation Beam trajectory

THz trajectory
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Full — featured experiment - 2016
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Stage I: enerfymoduilor: Wakefield
structure = metalll i-llé_‘v,

Stage II: chicane, Rgg =1 cm

Parabolic mirror for THz
extraction out of chamber

Stage llI: final focusing PMQ triplet, power
/\ extractor with mode converter / radlator

= metallized capillary with oblique cut
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Poor beam transmission through the third stage due to beam-structure-quadrupole channel alignment
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S
Quadrupole magnetic center misalignment

Stretched wire measurement
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Beam Break Up
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Inner radius, pm 30 62.5 120 -2 o 0z 04 . 'm'ﬁ o ! 12
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B. O’Shea et.al., Nat.Comm. 7, 12763 (2016)
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Multi-meter collinear wakefield acceleration

Use of FODO lattice for beam

confinement

5.0710°°

BNS damping, i.e., use of drive _
=

beam energy chirp to = o

desynchronize transverse particlé
oscillations and thus reduce the
resultant transverse electric
wakefield
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Tapering quadrupole B’
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+ Peak gradient=0.96 T/mm.
+ Sub-micron precision in the magnetic
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+ Weight = 2.5 kg.
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Transformer ratio measurement at ATF

Beam profile after the mask in a dogleg  Small witness beam: spectrometer
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Summary

POP experiments over the years:

Wakefield mapping

Beam energy modulation

Microbunching

Tunable dechirping

Enhanced transformer ratio measurement

Numerous THz measurements:

— DLA — cylindrical, planar

— Corrugated structure (with K.Bane (SLAC))

— Selective mode excitation in a multimode structure
— Efficient power extraction

Multistage THz generation experiment — limited

by electron-optics and complex alignment

Future plans:

Long structures with
embedded electron optics
for beam confinement and
BBU control



THz generation at ATF

Bragg structure
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Tunable: f=0.1-2 THz, BW = 1-100%

Muggli, PRL 101, 054801 (2008).
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Efficient power extraction

4 : R T k"

Cherenkov Transition
e "\ radiation e
- ) ) ) - e — ) / s
— <) / Y,
- Cherenkov /

( A) I Interferometer + Bolometer I ( B) I Interferometer + Bolometer |

1 T T T T
§ : - Cherenkov radiation signal
E oBLt, on top of CTR background vl 18 10l
o . )\ : .= I tube 1 tube 2
Z o6l Afan ok 08 .
©
3 f
? ol4 i e 08 [l
% Coherent Transition Radiation (CTR) 04 } \
0. ™ signal from 4 bunches passing the ||
2 parabolic mirror beam hole ( ) 02 H
% 2 4 6 8 10 12 % 2 4 6 8 10 12 a0 \”f’/ _ena
Interferometer mirror offset, mm interferometer mirror offset, mm 0 100 200 300

S. Antipov, et.al. Appl. Phys. Lett. 109, 142901 (2016)

0.5 THz, 10ul) — outside the beamline available for experiments 16



Future plans

* Long DWFA with integrated FODO lattice
 THz “user” experiment (possible complementarity to UED program?)
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